Three courses of the second year degree in Environmental Engineering (Geology and Pedology, Ecology and Economics and Business Administration) have been remodeled using the Problem-Based Learning methodology. The proposed problem is a real-life and integrative problem related to their specialization which must be solved in these three courses at the same time. The results reveal that during this experience students were considerably more active, cooperative and involved, and the success rate doubled that of similar engineering courses of the Faculty. Regarding students' opinion, it should be emphasized that they perceive that this method is functional and encouraging. A high percentage of the students describe the experience as positive or very positive. Additionally, they stated that the Problem-Based Learning promoted the development of skills that, in their own view, are essential for their career, such as teamwork and communication.
Introduction
Higher education in Environmental Engineering was implemented in Spain in 2011 (Ministerio de Educación, Cultura y Deporte, 2011) , at the same time as the modification in curricula for harmonization with the European Education system. Until 2011, the engineering solutions applied to pollution-related problems were designed by civil engineers, industrial engineers, forest engineers, chemists or biologists, leading to partial solutions focused on their respective field of knowledge. Therefore, the reason behind the implementation of the new Bachelor`s degree in Environmental Engineering was to train engineers with an integrated view of the environment, able to address complex environmental problems: environmental impacts of population growth, resource depletion, climate change, water scarcity and the fate and hazards associated with pollutants, among others.
The degree in Environmental Engineering at the Faculty of Engineering of Bilbao of the
University of the Basque Country (UPV/EHU) implies four years of study to obtain the Bachelor qualification. In the first two years students learn core fundamental sciences (such as Chemistry, Physics, Mathematics, Mechanics, Thermodynamics, Geology, Ecology, and Business), some of them together with the students of some of the other degrees awarded at the Faculty: Industrial Technology Engineering and Industrial Organization Engineering. Conversely, the last two years are devoted to the application of scientific knowledge to solve practical problems, especially in industry. This structure, quite similar to the pre-Bologna process one, leads to (I) unmotivated first and second year-students, which results in high dropout rates, and (II) severe difficulties to integrate theory and practice in the third and fourth year-courses as well as in their future career.
Furthermore, the results of surveys of industry perceptions of engineering graduates of how well they were prepared for work showed gaps in other attributes that play an important role in effective performance in the workplace: communication and teamwork skills together with broad perspective of other disciplines (Markes, 2006; Crawley et al., in for our graduates since Environmental Engineering is defined as that branch of engineering concerned with the application of scientific and engineering principles for (I) the protection of human populations from the effects of adverse environmental factors, (II) protection of environments, both local and global from the potentially deleterious effects of natural and human activities and (III) improvement of environmental quality (AAEE, 2008; ABET, 2013) .
Introducing and integrating these non-technical aspects in engineering education is not an easy task. Innovative approaches based on active and cooperative methodologies can provide a solution to the abovementioned challenges. Worldwide, an increasing number of institutions have changed, or they are in the process of changing, from traditional learning-teaching methods and moving towards these kind of approaches, as it has been demonstrated that they are more effective making graduates critical thinkers, problem solvers, life-long learners, effective communicators, team player and technically skilled.
According to Kolmos (1996) , Hmelo-Silver (2004) and Walker and Leary (2009) , the main advantages of using innovative methodologies are: 1) increase of the student's intrinsic motivation, interest and implication, 2) reduction of the time to finish the bachelor degrees and a lower dropout rate, 3) augment of the ability to memorize concepts and apply the acquired knowledge, 4) development and strengthening of professional skills and 5) amplification of the capability to connect theory and practice.
Taking into account that such advantages cover the gaps identified in students of the degree in Environmental Engineering, an innovative and collaborative approach, Problem-Based Learning (PBL) methodology, was designed and implemented in three courses of these new degree. The PBL method uses relevant problems presented at the beginning of the learning cycle and, employed to provide the context of the courses.
Together with the development of the curricula of the courses, the students, working in teams, go solving the problem by means of the application of theory, which concerns the The PBL experiment presented in this paper was designed and applied to three courses during the academic year 2013/14 in order to reduce the dropout rates of the first courses of the degree in Environmental Engineering, to increase the student's implication and motivation, and to prepare the future graduates for research and for employment in industry by developing the inherent skills of the Environmental Engineers. It is divided into five main sections. Section 2 provides a brief overview of the methodology.
Students' opinions and academic results are presented in Section 3. Finally, Section 5 summarizes the results and discusses the avenues for the future.
Proposed methodology: Problem Based Learning
Three courses of the 2 nd semester of the 2 nd year of the degree in Environmental Engineering (Geology and Pedology, Ecology and Economics and Business Administration) were remodeled in the academic year 2013/2014 using the innovative PBL approach. An additional originality of our work lies on the fact that the PBL was applied simultaneously in these three dissimilar courses, since the problem to be solved was the same for the three of them and students need concepts and skills which are developed in these three courses in order to solve entirely the problem.
For this to be possible, a real-life and integrative problem related to their specialization was proposed. Additionally, we formulated a contemporary problem close to real life, for the purpose of helping students to see the connections between the academic environment and the real world. In particular, the dilemma was the selection of the most appropriate solution for managing and treating the organic fraction of the urban waste generated by a community. The proposal, presented Figure 1 , was a complex and open-ended problem.
The students, working in small teams, had to choose and select, and then justify, the most appropriate solution.
"_____________________ is a graduate in Environmental Engineering and an advisor for the City Hall since a few years ago. In this town, as a result of the construction and occupation of new single-family houses, the Municipal Solid Waste (MSW) production rate has grown exponentially in the last ten years. Since the landfill where they are actually dumped is exhausting its usable life and it will have to be closed in a short term and, at the same time with the aim of advancing towards the goals marked by the European legislation, different options are being considered for the treatment of the most abundant fraction in the MSW: the organic matter. The City Hall has several parcels of land that could be used for the construction of these treatment facilities. These parcels were acquired in 2007 to build an incineration plant and the auxiliary structures, but the pressure of the activists of several platforms and the neighbors' rejection stopped the project.
In the plenary session of the past 22 of January the council decided to ask the advisor ____________________ to analyze the technical, legal, social and economic viability of this solution, the measures and resources necessary to carry it out and to match the benefits compared with actual wastes management. The study should include a brief processes and installation descriptions, and a tentative target of economic analysis.
In order to do so, the advisor will have access to all available information regarding this issue as well as to all necessary resources. The advisor ____________________ has three months to elaborate the document, which will be presented in the City Hall meeting the first fortnight of May" This macro problem was divided into a number of partial problems dealing with contents, topics and methods of the three courses involved: (1) through the knowledge of Geology and Pedology's concepts and calculations, students had to choose the most suitable plot to carry out the treatment process; (2) through the knowledge of Ecology's concepts and calculations, students had to described the selected waste decomposition process; and (3) through the knowledge of Economics and Business Administration's concepts and calculations, students had to make an economic balance of the selected solution. Both, the macro problem and the partial problems, were specifically selected and edited to meet the educational learning outcomes, competencies and criteria of these three 6-ECTS compulsory courses.
As most of the students had no previous PBL experience, the learning process also concerned a series of activities related to introduce concepts and techniques. As recommended by experts (Felder and Brent, 1994; De Graaf and Christensen, 2004; Hmelo-Silver, 2004; Borrego and Newswander, 2007) , activities involved understanding, research, decision-making and writing. Figure 2 shows three examples, one of each course.
Economy and Business Administration
The 
Geology and Pedology
The analysis of two soil samples carried out in the laboratory reveal the following results regarding the solid-phase components and the Cation Exchange Capacity (CEC):
Sample 01 60 % clay, 3% organic matter CEC = 76 cmol c •kg The macro problem was presented to the students at the end of the second week of the semester and a maximum of ten weeks were given for solving it. Each week each course takes up approximately four hours in the timetable. Working in faculty-supervised groups of not more than four members, as suggested by Oakley et al. (2004) , students solved the partial problems. Simultaneously, students re-formulated the macro problem in terms that they could understand, devised an approach to a solution, identified what they knew and what they require to advance towards it, constructed new knowledge based on their previous knowledge and worked together to find a solution.
The supervision plan designed by the lecturers consisted of three personalized meetings distributed along the ten weeks. In such meetings, the students presented the lecturers their progress on the partial problems concerning each specific course and the macro
Students' opinion on the PBL initiative
Our investigation reveals that during this experience the second year engineering students were considerable more active, cooperative and involved than with the traditional methodology: the class attendance was close to a 100% and they devoted more hours to study these three courses. Another point worth noting of this innovative experience was the good classroom atmosphere: students participated continuously and enthusiastically (frequently, one intervention per minute). This attitude was unusual with the traditional methodology. Hence, the PBL approach seems to be more effective in terms of capturing students' interest and sustaining motivation. These are some of the strengths reported in literature (Major and Palmer, 2001; MacAndrew et al., 2008) .
From the survey conducted before applying the PBL methodology, it was deduced that the students' interest towards the utility of the three subjects involved in the project for their future professional practice, was medium-high. They showed the same degree level expectations in the opportunity of developing communication skills, decision making, autonomy to learn and ability to work in groups. Lastly, the possibility of obtaining a remarkable final score in the courses involved in this multidisciplinary project was considered medium. Figure 3 shows part of the results obtained in the opinion poll conducted at the end of the semester, after the oral presentation to the committee. The 72% of students rated the experience as quite satisfactory and the 7% as very satisfactory (Figure 3, left) . None of the students claimed they have learned less; moreover, the 72% stated that they have learned more and the 7% believe to have learned even much more with this approach than with the traditional methodology (Figure 3, middle) . As illustrated in the left graph, the 75% will repeat again this experience. The most remarkable result was that all of the students felt that the assessment system was adequate (not shown); the reverse is actually the case of most PBL experiences. Regarding the contribution of PBL to developing skills for their future professional career, it should be stressed that the 79% of students considered it quite an adequate methodology for learning and the 64% said that it has been quite useful to understand better theoretical contents of the disciplines involved in the PBL experience as well as to investigate with more independently. Lastly, the 57% of the students think that the PBL approach helped them to take decisions on their own in the proposal of solutions to reallife problems and they also value the contributions of multiple fields to complex problems. Table 1 presents the answers of improvement in certain abilities after the PBL experience.
Students were asked to rate their level of expertness before and after the PBL methodology on a scale from 1 (very low) to 6 (very high). The coefficients of the column improvement have been calculated as the mean of the differences between results before and after the application of the innovative methodology. Results reveal that they think that there has been an improvement in all the evaluated abilities (the difference after-before is positive for all the evaluated competences) being higher in the following:
diagnosis of environmental problems (+1.14), information search and analysis (+1.14), and preparation of technical reports (+1.07). In view of the obtained results, we can say that Problem-Based Learning promotes development of skills that are essential in the modern engineering profession as they are in demand by future employers. This perception agrees with the study by Akinoglu and Tandogan (2007) suggesting that PBL On the other hand, some of the students complain about the extensive work time; in their view, PBL was too time-consuming. The PBL did not "work" well with those students who did not attend to one of the three courses implied in the project. Similar drawbacks have been reported by other instructors and researchers (Kolari et al., 2008) .
Impact of PBL on the academic results.
The improvement in success rates (approved/submitted), performance rates (approved/enrolled) and other ratios such as attendance, active participation and delivery of reports was remarkable for the 2013/2014 academic year. Figure 3 shows the evolution in the percentage of students who took the test over the enrolled students. These data correspond to the last three academic years, which gather all the years in which the second course of the degree in Environmental Engineering has been active. The data show that this rate has increased considerably in the three courses involved in the PBL experience: 93.6% in Geology and Pedology (+5.6%), 86.4% in Ecology (+15.9%) and 100% in Economy and Business Administration (+11.8%). These data, together with the results obtained in the opinion poll, corroborate that the experience has motivated students in a significant way. The evolution of the average rates of submitted over enrolled for the three courses involved in PBL experiment versus the other six courses in the second year of the degree in Environmental Engineering is illustrated in Figure 4 . It shows that while the rate of submitted over enrolled was greater for the rest of the courses in the academic year 2011-2012, in the academic year 2013-2014 (and also in 2012-2013 ) the rate of the students submitted over enrolled reach the 93.4% for the courses involved in the PBL experience; a rate that is considerably above the average for the rest of the courses. As a matter of fact, the rate of submitted over enrolled for the academic year 2013-2014 in the courses involved in PBL experience was greater than the average rate of the rest of courses in any year (first, second, third and fourth year), and even the average rate of all the courses belonging the second course of the degree. The evolution of the average success rates for the three courses involved in PBL versus the rest of the courses in the second course of the degree in Environmental Engineering is displayed in Figure 7 . Results expose that success rates were greater in the courses involved in PBL project that for the rest of the courses. Nevertheless, a small decline of the average success rates for the courses involved in the project can be identified: from 95.3% to 93.8%. This is due to the considerable downturn in Geology and Pedology; it causes a slight downturn in the average rate besides the improvements in Economy and Business Administration and Ecology, which join the PBL methodology in academic year 2013-2014. The evolution of the performance rate, that is, the percentage of students who passed the course, over the enrolled is displayed in Figure 8 . In Economy and Business Administration and Ecology courses, the performance rates obtained in academic year 2013-2014 were higher than the ones obtained in previous years: 81.8% (+10.8%) and 94.7% (+12.1%). As in Figure 6 , the absence of improvement in Geology and Pedology is explained by the fact that the PBL methodology was introduced in this course in academic year 2011-2012 and has continued since then. The final grades of the courses involved in the PBL experience for the last three academic years are detailed in Geology, but we expect the average score to be similar throughout the three academic years for the aforementioned reasons. Table 3 shows the results of the basic statistics.
• Economy and Business Administration. The average grade in 2011/2012 was 6.35.
In 2012/2013 the final scores decreased, while in 2013/2014, when the PBL method was introduced, it increased reaching a 5.43 average final score.
• Ecology. The average score in 2011/2012 was 5.46. In academic year 2012/2013 the average score decreased, and in 2013/2014, the year in which the PBL was introduced, it increased reaching an average score of 6.32. • Geology and Pedology. As we noted before, the PBL method was introduced in the academic year 2011/2012. Therefore, as expected, the average grade is very similar through the three academic years, between 6.1 and 6.6. Table 4 shows the results of comparing the scores of course 2012/2013 with the ones obtained in course 2013/2014 using Levene and t test. In our case the samples are independent, thus, we used the t test for independent samples.
• Economy and Business Administration. We deduce that the variance are different since p-value= 0.028 < 0.05 so we used the information corresponding that assumption. Since p-value= 0.217 > 0.05 we cannot reject the hypothesis of average equality.
• Ecology. We deduce that the variance are different since p-value= 0.012 < 0.05 so we used the information corresponding that assumption. Since p-value= 0,140 > 0.05 we cannot reject the hypothesis of equality (confidence level of 95%).
• Geology and Pedology. In this case, there are no reasons to believe that the variances are different since p-value=0.363 > 0.05. Assuming equality in variances we find that we can't reject the hypothesis of average equality (confidence level of 95%) since p-value = 0.864 > 0.05. 
Conclusions
We have presented a case study of the PBL approach in the second year of the degree in Environmental Engineering. The experiment was applied in the academic year 2013-2014. Introducing the PBL to three courses was motivated by the desire to engender a learning context favoring enthusiasm, the establishment of links between concepts and their applications together with the proposition of integral a cross-disciplinary solutions to environmental problems.
Our findings clearly demonstrate that the students' attitude improved significantly from previous academic years or respect to other courses using traditional (lecture-based) methods. The students' participation and the interaction (both student-student and instructor-student) were higher compared to other non-PBL courses. Our investigation also reveals that this positive attitude and implication led to better academic results.
Moreover, the PBL helped undergraduates to develop of a number of skills that are 
